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© Fuel oil additive and fuel oil having improved flowability 

An ethylenic copolymer useful as a fuel oil additive is der- 
ived from: 

(a) ethylene, and 

fb) at least one monomer selected from vinyl esters of 
saturated carboxylic actds. ethylemcally unsaturated mono* 
or di-carboxylic acids and esters thereof which are represen- 
ted by the general formula: 



C = C 
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than 1 ,000 and a (b) component content of 1 to 25 mol%. and 
contains 2 to 10 alkyl branches per 100 methylene groups. 

24 suitable monomers (b) are named. 

The production of the copolymer in a high-pressure reac- 
tor with a free radical catalyst is described, at a pressure above 
500 kg cm 7 and a temperature of 120-300X. 

The polymer is added to fuel oil in amount of 10-2000 ppm 
by wt, and improves the pour point and cold filler plugging 
point (at which wax in the oil is precipitated), because the alkyl 
branches of the polvmer interact with wax. 



wherein R 1 is hydrogen or methyl, R* j s -OCOR 4 or -COOR 4 
where R* is hydrogen or C1-18 and R 3 is hydrogen or-COOR 4 ; 
the polymer has a number average molecular weight of less 
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FUEL OIL ADDITIVE AND FUEL OIL HAVING IMPROVED FLOWABILITY 



This invention relates to an additive for a fuel 
oil, and to a fuel oil containing the aforesaid additive- 
More specifically, it relates to an additive for reducing 
5 cold 'plugging of a middle distillate fuel oil having a 

boiling range of 120 to 500°C with the difference between a 
20% distillation temperature and a 90% distillation tempera- 
ture being as narrow as less than - 10G°e , and to a fuel oil 
containing the aforesaid additive and having improved 
10 flowability. 

When such a fuel oil as described above is exposed 
to low temperatures, the wax component of the oil precipi- 
tates as crystals. Thus, if it is used as a fuel for a 
15 Diesel engine, it causes filter plugging. This causes poor 

operation of the engine, or in an extreme case, the oil 
solidifies within the fuel pipe and completely fails to 
flow. 

In order to solve this problem, various wax crystal 
20 modifying agents (improvers) which interact with the wax 

crystals have previously been proposed. As such crystal 
modifying agents, Japanese Patent Publication No. 23165/7 3, 
for examole, teaches the use of an er.hylens copolymer having 
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a number average molecular weight of 1,000 to 2,900 and 
contai.-.ing 2.4 to 25 mol% of an ethylenically unsaturated 
ester and not more than 6 alkyl branches per 100 methylene 
groups. Japanese Patent Application Laid-open No. 
5 141390/81, for example, teaches the use of an ethylene 
copolymer having a number average molecular weight of 1,000 
to 5,000 and containing 10 to 50% by weight of an 
ethylenically unsaturated ester and 6 to 15 alkyl branches 
per 100 methylene groups. These proposed modifying agents 
10 can effectively improve plugging resistance and flowability 
of middle distillate fuel oils with the difference between 
the 20% distillation temperature and the 90% distillation 
temperature being as broad as at least 100'C, but have no 
improving effect on the plugging resistance of middle 
15 distillate fuel oils with the above temperature difference 
being as relatively narrow as less than 100°C although they 
can also improve the flowability of the oils having the 
relatively narrow distillation temperature difference. 

Japanese Patent Publication No. 20069/64 teaches, 
20 for example, an ethylene copolymer having a number average 
molecular weight of 700 to 3,000 and containing 1 to 40% by 
weight of a vinyl ester. This copolymer can effectively act 
on middle distillate fuel oils having a narrow distillation 
temperature difference only by regulating its alkyl 
25 branches. 
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A typical example of the middle distillate fuel oils 
having a narrow distillation temperature difference is a 
light oil. To improve the plugging resistance of the light 
oil, it is the general practice to mix it with a kerosene 
5 fraction which has a lower boiling point. Such a method, 

however, is economically disadvatageous , and also leads to a 
reduction in the portion. of obtained kerosene. Hence, it is 

not industrially advantageous. 

10 In such a situation, any effective improver which 

can reduce plugging of a light oil having a narrow distilla- 
tion temperature difference would be industrially very 
valuable. 

With this background, the present inventors have 
15 made extensive investigations in order to solve this 
problem. These investigations have led to the discovery 
that when a middle distillate oil having a narrow distilla- 
tion temperature difference is exposed to low temperatures, 
crystals of the wax begin to precipitate and the crystalii- 
20 zaticn rapidly proceeds and leads to solidification cf the 

oil , as ccj-parec with the case vhen a middle distillate oil having a 
broad distillation temperature difference is exposed tc low 
temperatures. This is because there is a very small difference 
between 'the temperature at which the Dree imitation cf the 
25 crystals begins (t£e cloud p&int)an*d the temperature at which 
the crystals plug the filter or solidify (the cold filter 
P lu 99ing point or the pour point). Eased on this discovery, 
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the present inventQrs thought ^ ^ interaction 

between th. wax and the flowability improver , a subtle 
balance between the .olubility of the f lowability . improver 

W ^ ±tS abilit ^ *» -dify the wax crystals is 

im -™ t ' On the basis of this idea the presenc 
inventors produced copolymerg having 

structures and examined them and 

"em, and endeavored to develop a 

flowability improver which effectively acts not only on 
middle distillate oils having a broad distillation tempera- 
ture difference but also on middle distillate oils having a 
narrow distillation temperature difference. ^ese efforts 
have led to the accomplishment of the present invention. 

According to a. first aspect, the present invention 
provides a fuel oil additive comprising an ethylenic copoly- 
mer, said copolymer being derived from 

(a) ethylene, and 

(b) at least one monomer selected from vinyl . 
esters of- saturated ■ carbcxylic acids, 
ethyienically unsaturated mono- or di-carboxyiic acids, and 
esters thereof which are represented by the general formula: 
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1 2 
wherein R represents hydrogen or a methyl group, R repre- 

a 4 a 

sents the group -OCOR * or -COOR in which R* represents 

hydrogen or an alkyl group having 1 to IS carbon atoms, and 

3 A A 

R represents hydrogen or the group -COOR* in which R has 

5 the same significance as above, the polymer having 

a number- average molecular weight of less than. 1,000- 

~nd a "(b) component content., of 1 -to -25 mol%, and 

containing 2 to 1 0 alkyl branches per 10 methylene groups. 

According to a second aspect, the present invention 

10 provides a fuel oil having improved flowability and com- 

-3 

prising a fuel oil and 10 to 2,000 ppm (i.e., 1 x 10 to 
2 x 10 -1 %) by weight of the aforesaid copolymer based on the 
weight of the fuel oil. 

The additive of this invention acts effectively on 

15 middle distillate fuel oils having a boiling range of 120 to 
500°C which include not only fuel oils having a difference 
between the 20% distillation temperature and the 90% distil- 
lation temperature of at least 100°C, but also fuel oils 
having this distillation temperature difference cf less than 

20 100° C. It improves both the flowability and plugging resis- 

tance of these oils. 

The invention will new be described in mere detail. 

Ethylene copolyrae^ 
25 The ethylene copolymer used in this invention is a 
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copolymer as defined above, namely derived from 
(a) ethylene and (b) the said monomer. 

Specific examples of- the monomer (b) include vinyl 
acetate, vinyl propionate, vinyl butyrate, acrylic 
acid, methyl acrylate, ethyl acrylate, butyl acrylate, 
hexyl acrylate, 2-ethylhexyl acrylate, lauryl acrylate, 
stearyl acrylate, methacrylic acid, methyl methacry la te , 
ethyl methacrylate, buty l methacry late , hexvl 

methacrylate, lauryl methacrylate, stearyl methacrylate, 
""•ethyl maleate , diethyl maieafc ^ 

dipropyl maleate, dimethyl fumarate, diethyl 



fumarate, and dipropyl fumarate. 

The proportion of ethylene (a) in the copolymer is 
7 5 to 99 mol%, and the proportion of the monomer (b) in the 
copolymer is 25 to 1 mol% . The content of the component (b) 
in the copolymer greatly affects the interaction of the 
copolymer with the wax, the solubility of the copolymer in 
the- fuel oil, and the dispersibility of the precipitated 
wax, and is preferably 3 to 20 mol%, more preferably 7 to 
18 mol% . 

The molecular weight of the ethylenic copolymer used 
in this invention is less than 1,000 when measured " 
vapor pressure osmometry (VPO) . The molecular weight of the 
copolymer is closely related with its solubility in fuel oils 
and its handlability . 

The alkyl branches in the ethylenic copolymer used 
in this invention refer to terminal methyl moieties derived 
from the components (a) in the ethylenic copolymer (the 
terminal methyl moieties derived from the components (b) in 
the ethylenic copolymer are eliminated) and the number 
thereof, when measured by nuclear magnetic resonance, is 2 
to 10, preferably 3 to 8, per 100 methylene groups. The 
alkyl branches greatly affect the interaction of the 
copolymer with the wax and the solubility of the copolymer 
in fuel oils. 

When the copolymer in this invention is to be used 
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15 



20 



25 



as a flowability i„, prover fot a 

' 2 x ,.-1,. 10 " 2 - 00 °PP- <!.... 1 x 10- 3 t„ 

I 0- ' r ferably " 1 ' 000 P - ^"- to 

1 * 10 «), based on the weight of th* * , • 

or trie fuel oil 

on. Alternativelv -i 

y ' xt ma Y be added in the ^™ 

n tne form of a con- 
centrate prepared by dissolving it in v 

9 xt ln kerosene, an aromatic 
solvent (such as benzene +vo,«», 

M ' tolUenS ' ** lea *' etc.,, or Cellosolve, 
for example, in a concentration of 10 to 50%. 

The copolymer may be used alone as a fuel oil addi- 
tive, or as required, it may be used in 

x °e used in combination with 

other additives such as » 

uch as a pour point depressant, a corrosion 
inhibitor, an antioxidant a w*^ 

' a Water se Parating agent or a 
sludge preventing agent *<= a ^ 

9 agent, as described, f or example, in 

Japanese Patent Publication No. 23165/73. 
Productio n of Copolvm^ 

The copolymer of this invention can be produced bv 
subjecting the required monomers as copolymerization cond<- 

tWn " b « in * high-pressure ? olveth y1 -ne 

manufacturing apparatus. 

1) Catalyst 

The coDolymer used in • 

this invention is produced bv 
racical polymerization. According iv , the cat3l , 

- ' une cat alyst used in 
the production of this cooolvme- is a 

- y 1S a compound which gene- 
rates a free radical. 



Examples of the catalyst include oxygen; dialkyl 
peroxides such as di-t-butyl peroxide, t-butyl cumyl 
peroxide and dicumyl peroxide; diacyl peroxides such as 
acetyl peroxide, i-butyl peroxide and octanoyl peroxide; 
peroxy dicarbonates such as di-i-propyiperoxy dicarbonate 
and di-2-ethylhexylperoxy dicarbonate; peroxy esters such as 
t-butylperoxy isobutyrate, t-butylperoxy pivalate and t- 
butylperoxy laurate; ketone peroxides such as methyl ethyl 
ketone peroxide and cyclohexanone peroxide; peroxy ketals 
such as 1 , 1-bis-t-butylperoxy cyclohexane and 2,2-bis-t- 
butylperoxy octane; hydroperoxides such as t-butyl hydro- 
peroxide and cumene hydroperoxide; and azo compounds such as 
2 , 2-azobisisobutyronitirile . 
2) Polymerization 

Preferably, the polymerization is carried out by a 
continuous mode. As a polymerization reactor, there may be 
used a continuous stirred vessel-type reactor or a continu- 
ous tabular reactor which is generally used in the high 
pressure radical polymerization of ethylene. 

The polymerization can be practiced by a single zone 
method using such a single reactor. It is possible, if 
desired, to use many reactors connected in series optionally 
with a condenser connected thereto, or to use a single 
reactor of which inside is divided effectively into some 
zones. According to the multiple reactor method or the 
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multiple zone method i +• i <= 

no °' xt ls th e usual practice to control 

the monomer conroositi'nn i-v,^ ^ 

imposition, the catalyst concentration, the 

concentration of the molecular weight controlling agent, 
etc. in each of the reactor or in each of the reaction zones 
so that the properties of the resulting copolymer in each of 
the reactors or in each of the reaction zones may be 
controlled by providing differences in the reaction 
conditions used in the individual reactors or zones. When a 
Plurality of reactors are connected in series, it is 
possible to use two or more vessel-type reactors or two or 
more tubular reactors, or to combine at least one vessel- 
type reactor with at least one tubular reactor. 

The polymer formed in one or more reactors may be 
separated from the unreacted monomers and treated as in the 
usual production of high-pressure polyethylene. A mixture 
of the unreacted monomers is mixed with additional amounts 
of the same monomers. The mixture is again pressurized and 
re-cycled to the reactor. The additional amounts of the 
monomers to be added as above have such a composition as to 
adjust the composition of the mixture to the composition of 

the cricinal feed General l \- , 

_eeu. vj«.ie_a_j.^ , ^r.e cccizional amounts cf the 

monomers have a composition nearly equivalent to the com- 
position of the polymer separated from the polymerization 
vessel. in this case, the reactor is preferably of a 
vessel-type in order to obtain a copolymer having a uniform 
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composition . 

The catalyst is usually dissolved in a solvent 
having a poor chain transfer effect and introduced into the 
reactor directly by a high pressure pump. Its concentration 
is desirably about 0.5 to 30% by weight, preferably 1 to 25% 
by weight, based on the total weight of the reaction mix- 
ture . 

Suitable solvents include, for example, hexane, 
heptane, white spirit, parafine oils, cyclohexane, toluene, 
higher branched saturated aliphatic acid hydrocarbons, and 
mixtures of these solvents. 

In high-pressure radical polymerization, chain 
transfer agents are generally used for controlling the 
molecular weight of polymer. 

All chain transfer agents which are used in ordinary 
high pressure radical polymerization can be used in this 
invention. Examples are alkanes such as ethane, propane, 
butane, hexane and heptane, alkenes such as propylene, 
butane and hexene, alcchcls such as ethanol, methanol an- 
propanol, ketones such as acetone and methyl e-hyl ketone, 
and aldehydes such as scetaldehyce and propicnaicehyce . 
Many other chain transfer agents used in the high pressure 
process are also feasible in this invention. 

A gaseous chain transfer agent is introduced into 
the intake side of a compressor, and a liquid one is intro- 
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duced into the reariin „ 

reaction system by a pump . 

2) Polymerization conditions 

(A) Polymerization pressure 

The polymerization pressure -co k 

^escure to be employed exceeds 

500 kg/cm 2 (i.e., 49. 0 MPa 1 

2 Prererably 1,000 to 4,000 

Kg/cm (i.e., 98.1 to 392.3 MPa). 

(3) Polymerization temperature 

The polymerization temperature is at least 120'C, 
preferably 150 to 300°c. 

3) Recovery of copolymer 

The copolymer used in the invention produced in the 
reactor is .separated f rom the monomers in accordance with a 
customary procedure of-the high pressure radical polymeriza- 
tion method, as-the product. The product maybe used as 
such, or if desired , ±t may be subjected tQ var . ous post _ 

treatment steps used for products already obtained by nigh 
pressure radical polymerization. 

The following examples illustrate the present inven- 
tion, more specifically without- t 

wmnout limiting the 

20 invention. 

The qualities cf the copolymers obtained in these 
examples were evaluated by the following methods. 

1) Cold filter plugging p oint ( C FPP for short ) : in 
accordance with British Standard IP-309. 

2:5 2) Pour Point (pp for short)- i„ . 

nori; - m accordance with jzs 
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K-2269 (Japanese Industrial Standards). 

First, examples of producing the various copolymers 
used in the following Examples and Comparative Examples are 
shown . 

5 PRODUCTION EXAMPLE 1 (Copolymer la) 

A 1.5-liter stirred autoclave-type continuous re- 
actor was charged continuously with 32 kg/hr of ethylene, 
17.5 liters/hr of vinyl acetate (VA), 8.3 liters/hr of a 
solution of propionaldehyde in ethyl acetate in a concentra- 
10 tion of 500 g/liter, and 0.44 liter/hr of a solution of t- 
butylperoxy isobutyrate as a catalyst in n-hexane in a 
concentration of 15 g/liter, and polymerization was carried 

out at a temperature of 220°C under a pressure of 1,500 kg/ 
2 

cm (i.e., 147.1 MPa) to form a copolymer la. The resulting 
15 copolymer la had a molecular weight of 800 and a VA content 
of 10.5 mol% and contained 6.2 alkyl branches per 100 
methylene groups (C). 

PRODUCTION EXAMPLE 2 (Copolymer lb) 
By the same method as in Production Example 1, a. 
20 copolymer lb having a different molecular structure was 
produced. 

The reaction was continuously charged with 32 kc/hr 
of ethylene, 27.5 liters/hr of VA, 7.5 liters/hr of a solu- 
tion of propionaldehyde in ethyl acetate in a concentration 
25 of 500 c/liter, and 0.35 liter/hr of a solution of t-butyl- 
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peroxy isobutyrate a«? * , 

Y catalyst m n-hexane in a concentra- 

tion of 15 c/litpr ^ 

" and P°lyn-«ri 2 ation was carried out at a 

temperature or 220 . c under a ^^^^ of i(Mo kg/=m2 ^ ^ 

1«7. 1M ,.,. TOe rssult±ng copoiymer ^ 
weight of 900 and a VA content 

^-^ -"-'.5 molt, ana contained 

5.5 alkyl branches per 100C. 
^^^^^^ 

BY the same method as in Production Example 1# a 

copolymer Ua havi na a diff erent mr%1 

x - erent molecular structure was 

produced . 

The reactor was continuously charged with 32 kg/hr 
of ethylene, 17.5 liters/hr of VA, 18 . 8 kg/hr of propylene , 
6-0 liters/hr of a solution of propionaldehyde in ethyl 
acetate in a concentration of 500 g/liter, and 2.1 liters/hr 
of a solution of t-butylperoxy isobutyrate as a catalyst in 
n-hexane in a concentration of 150 g/liters, and polymeriza- 
tion was carried out at a temperature of 218 °C unde^ a 
pressure of 1,500 kg/cm* (i . e ., 147 . x MPa) . ^ resulting 

copolymer Ua had a aci-^a'ar we^cV a^n 

. — ^ we.cn L ox 800 anc a VA content 

of 10.5 moll and contained 12.5 alkyl branches per 100C. 
PRODUCTION SXAM?I,^ __4 (Copolymer Hh) 

By the same method as in Production Example 1 . a 

copolymer lib havina a d-i ^ 

■ " a a " ierent molecular structure was 

produced . 

The reactor was continuously charged with 32 kc/hr 
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of ethylene, IS liters/hr of VA, 2,100 liters/hr of 1-butane 
and 0.6 liter/hr of a solution of t-butylperoxy pivalate as 
a catalyst in n-hexane in a concentration of 120 g/liter, 
and polymerization was carried out at a temperature of 200°C 
5 under a pressure of 1,500 kg/cm 2 ( i . ^. # 147.1 MPa) . The 

resulting copolymer lib had a molecular weight of 3,300 and 
a VA content of 12 mol% and contained 5.2 alkyl branches per 
100C. 

PROC'JCTION EXAMPLE 5 (Copolymer Ic) 

10 By the same method as in Production Example 1, a 

copolymer Ic was produced using methyl acrylate (MA) in 
stead of VA as a comoncmer. 

The reactor was continuously charged with 3 2 kg/hr 
of ethylene, 1.9 liter/hr of MA, 8.5 liters/hr of a solu- 

15 tion of propionaldehyde in ethyl acetate in a concentration 
of 500 g/liter and 0.5 liter/hr of a solution of t-butyl- 
peroxy isobutyrate as a catalyst in n-hexane in a concentra- 
tion of 15 c/ liter, and cclyroerizaticn was carried cut at a 
temperature of 221 °C under a pressure of 1,500 kg/cm" (i.e., 

20 147.1 MPa). The resulting copolymer Ic had a mclecular 

weight cf S50 and a MA content of II mol% and contained 6.0 
alkyl branches per 100C. 

The fuel oils used in the following examples were a 
fuel oil A having a broad distillation temperature 

25 difference and a fuel oil E having a narrow distillation 
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temperature difference T v, a ,' 

encei Their properties are shown in Table 

1. 



Table 1 



10 



1 c 



20 





Fuel 


Oil 


Distillation Temperature (°C) 




B 


Initial Boiling Point (I.B.P.) 


176 


201 




240 


260 


50% 


289 


285 


90% 


342 


345 


End Point (E.P. ) 


372 


369 


Pour Point (PP) ( °c) 


-5 


-5 


Cold Filter Plugging Point (CFPP) ( °C) 


-6 


-3 


EXAMPLES 1 TO 3 AND COMPARATIVE EXAMPLES 


1 AND 


2 



Each of the copolymers obtained in Production Exam- 
ples 1 to 5 was dissolved in kerosene in a concentration of 
30% to for-, a concentrate. The concentrate was added in a 
weight proportion of 30C pen: (i.e., 3 x 10 _2 %) to each cf 
the fuel oils A and B shown in Table 1. Th.e pour points 
(??) and cole filter plugging points (CFPP) of the resulting 
modified fuel oils were measured, and the results are shown 
in Table 2. 
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Table 2 



10 



Example or 
Comparative 
„ Example 



Example 1 

Example 2 

Comparative 
Example 1 

Comparative 
Example 2 

Example 3 



Additive 



None 

Copolymer la 
Copolymer lb 

Copolymer I la 

Copolymer lib 
Copolymer Ic 



Fuel Oil A 
PP 



-11 



CFPP 

(°c) (°cT~ 

-6 -5 

-15 -22.5 

-14 -25 



■22.5 



-15 -22.5 
-13 -20 



Fuel Oil B 
CFPP PP 



CO (°c) 

— 3 -5 

-11 -20 

-11 -22.5 

-3 -17.5 

-2 -17.5 

-9 -17.5 



The results given in Table 2 demonstrate that with 
regard to middle distillate fuel oils having a boiling range 

15 of 120 to 500°C, the additives of this invention act effec- 
tively not only on the fuel oil A whose difference between 
the 20% distillation temperature and the 90% distillation 
temperature is more than 100°C but also on the fuel oil B 
whose difference of these temperature is less than 10C"C and 

20 improve the f lcwa'ciliry cf the fuel cils and creatly imprcve 
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claz::s : 

1- A fuel oil 
rner said c 



additive comprisii 



ng an ethylenic copoly- 
opolymer being derived from: 
=) ethylene, and 
- ^ ) at leas- 

one monomer . selected from 

vinyl esters of 



ethylenically unsaturated men 



esters thereof whicr 



saturated carboxylic- -.acids, 
o- or di-carboxylic acids and 



n are represented by the gen 



general formula: 



H 



C=C 



10 



" herSiD R "««"«"- »^o 9 en or . ra e t hyl group, R = repre _ 

!Mt! ^ 9r ° UP -° COr4 or -COO* 4 in „ hich 8 4 rspresents 
hydrogen or an alkyl group ^.^ x ^ ^ ^ 

R r.pr.. entJ hydrogen or the gro. P -C00R 4 in which R 4 is 
as defined above, the copolymer havin . , 

molecular weiqht n-F -i^^ ^ u 

9« of less than 1 , fl0 0 and a content 

of the (b) component of 1 to ?«> m^io* 

to 25 mols%, and containing 

•2 to 10 alkyl branches.. per inn m ~f-H i 

•-Per . 100 methylene groups. 

2- The fuel oil additive as clawed claim 1 

the copolymer has . (b) cedent contMt q£ 3 ^ ^ 

3. The fuel oil additive as claimed i. Claim 2, wherein 
--n. copolymer has . ( b , exponent c= Ke , t of 7 to 18 mol% . 
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4. A fuel oil having improved flowability 
comprising a fuel oil and 10 to 2 ,000 ppm by weight, 
based on the weight of the fuel oil, of an ethylenic 
copolymer as claimed in any preceding claim. 

5, A fuel oil as claimed in Claim 4, wherein 
the proportion of the copolymer is 100 to 1,000 ppm. 
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